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Abstract 
In this paper we study development patterns of Latvian electricity market based on a newly developed computer-
aided simulation model. A system dynamics approach was applied to simulate long-term development of electricity 
sector in the region under the existing policy design. Results show that despite the relatively large share of renewable 
energy sources in Latvian electricity generation mix, natural gas will remain its significant role in national electricity 
supply. Alternative policy strategies should be developed to allow achieving CO2 emission reductions greater than 
30% by 2050.  
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1. Introduction 
Electricity generation in Latvia is based on both fossil fuels, and renewable energy sources. Neither 
Latvia, nor any of the Baltic States owns a natural gas field. Moreover, the use of fossil fuel is the primary 
source of greenhouse gas (GHG) emissions. In response to environmental, social and economic pressures 
governments are facing a continuous challenge to develop transition pathways to make their electricity 
systems more sustainable [1]. In this paper we study development patterns of Latvian electricity market based 
on a newly developed computer-aided simulation model. System dynamics modelling approach was applied 
to analyze electricity supply pattern in Latvia by 2050.  
 
System dynamics is a computer-aided modelling approach to understanding the behaviour of complex 
systems over time. A comprehensive literature review of system dynamics applications in the past is given in 
[2-3]. More recently system dynamics modelling in electricity sector has been used: to analyse generation 
expansion alternatives in Portuguese/Spanish electricity system [4] and in Switzerland [5]; to examine 
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various investment initiatives in Iranian electricity market [6]; to analyse options for carbon mitigation in 
Turkish electric power industry [7] and to assess the fluctuation of energy supply and demand in Australia 
[8]. Finally, energy security issues in Finland’s energy system were investigated in [9]. The overall target of 
our system dynamics model is to simulate the long-term development of electricity sector in the region under 
current policy design to evaluate potential for GHG emission reduction.  
2. Modelling Latvian electricity sector 
The model presented in this paper was developed and validated based on Latvian case study applying 
historical data from 1995 to 2012. Simulation is carried out on a yearly basis up to 2050. A perfect 
competitive electricity market is assumed. All generating units with the same type of technology are 
accumulated to represent individual generation technology, so that the competition is reflected among 
primary electricity generators. As the model is an energy-economic model, it was assumed that the capacity 
of installed facilities is influenced by two factors: investment and the depreciation of the equipment over the 
time. The installed capacity stock (Q, GW) is therefore a function of an incoming investment flow (I, 
GW/year) and an outgoing depreciation flow (D, GW/year): Q=f(I, D). Total annual investments are assumed 
to be equal to the total annual depreciation of equipment.  
 
 
Fig. 1. Key stocks and flows of the Latvian electricity sector model 
 
Key stocks and flows of the proposed system dynamics model are presented in Fig. 1. For the sake of 
simplicity only two resource flows, renewable and fossil energy respectively, are shown. However, the real 
model consists of several resource flows corresponding to national electricity generation mix in Latvia: 
natural gas, large hydro power (>10 MW), wind power, biomass, biogas, and photovoltaic power systems. 
Investment decisions are fundamentally based on total revenues gained by investors [4] and electricity price 
is an important factor determining the willingness to invest in new electricity generation capacity [10]. 
Therefore which of all fuels electricity producer will choose, depends on the relative costs of the alternatives. 
The average cost of a fuel option is determined as the sum of four components: 1) technology investment 
costs (EUR/MWh); 2) operation and maintenance costs (EUR/MWh); 3) fuel cost (EUR/MWh), and; 4) a 
relevant premium (EUR/MWh), e.g. tax burden (negative) or state support incentives (positive) [11]. In 
addition, risk factor associated with the use of technology (EUR/MWh) [12] is considered. 
List of modelling assumptions is presented in Table 1. Initial data on installed capacity of each technology 
corresponds to national electricity balance in 2012 [13]. Future development in electricity demand due to 
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industrial growth is represented by an exogenous demand growth rate which is assumed to correlate with the 
gross domestic production. In addition, European Union requirement regarding end-user energy efficiency 
improvement is considered. 
 
 Table 1. Initial data and modeling assumptions 
  Natural gas Wind power HPP Biomass Biogas Solar 
Installed capacity, MW 953 59 1150 23 43 0 
Life time, years 15 20 30 20 15 25 
O&M costs, EUR/MWh 21 17 24 5% of c.c 3% of c.c. 14 
Capital costs  M.EUR/MW 1.0 1.5 4.9 7.1 5.8 2.8 
Efficiency, % 85 50 90 80 60 10 
Fuel costs, EUR/MWh 46 0 0 21 34 0 
CO2 tax, EUR/tCO2 3 0 0 0 0 0 
Excise, EUR/MWh 1.8 0 0 0 0 0 
Feed-in tariff, EUR/MWh 145.1 105.3 0.0 185.0 194.9 426.9 
RES potential, GW - 1.5 1.5 No limit No limit 3 
 
It is assumed that if there is under-capacity at a given modeling step, then imports will be increased; 
otherwise, the decision is based on comparison between the imports price and the inland generation cost 
similarly as it was done in [6]. Electricity import price is modeled as an exogenous variable based on the 
average electricity price in Nord Pool Spot (32 EUR/MWh in 2012 [14]). Annual electricity price increase of 
3% is assumed for the coming years. Construction time of a new facility is assumed two years.  
3. Results and discussion 
Figure 1 shows modeling results for installed electricity generation capacities and related CO2 emissions 
by 2050.  
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Fig. 1. (a) Installed electricity generation capacity; (b) CO2 emission from electricity generation 
According to modeling results with current policy measures (feed-in tariffs and tax policy) natural gas and 
hydropower will remain their leading positions in Latvian electricity balance. With an increasing natural gas 
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price, the use of other resources will become more attractive. Especially biomass is expected to compete with 
electricity production from natural gas. 
Modeling results also demonstrate that decreasing natural gas share in electricity production will allow 
reducing CO2 emissions from electricity sector. However, this decrease will not allow reaching zero-emission 
level. The results show that alternative policy strategies should be developed to allow achieving CO2 
emission reductions greater than 30% by 2050. 
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